Save Time and Money with Energy Modeling
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Trane Nebraska
jspreeman@trane.com
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Market Trends & Dynamics

What happened in 2008?
e Buildings are longer term investments

e Sustainability — What does that mean?
. Engineers - LEED, Green, ASHRAE

. Contractors — Commissioning agent, VAV
boxes in shrink wrap, multiple dumpsters

. Owners — How much does it cost and what do
I get for it?

e Giving our customers the ability to adapt
to global changes and mitigate future risk.
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Maximize Lifetime System Performance
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Agenda

e What software is available

e What information is needed to complete a model
e 10 Simple Rules of Modeling

e How do standards tie into modeling

e What can be modeled today?

e Real World Examples
. Chiller change out
- Free cooling vs. Airside economizers
. Bid Comparison
. Live Example

& o oNE
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Always, Always, Always....

Remember the meter is on the building
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What Software is Available

DOE 2

Visual DOE

E-Quest

Carrier HAP

Trane TRACE 700
Trane System Analyzer

Do not use bin methods — misleading and

Nnot accurate
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Four phases of Modeling

» Process loads

Economic Information
* Mortgage life

» Economic factors
« First cost

» Maintenance cost

EC

Energy
i Consumption
ECONOMIC B
ANALYSIS
PHASE
Economic
i Comparisons
.~ of Alternatives

. Entries Calculations Results Data
Building Description -
* Location
" Design data Peak & Hourly
i Loads by Zone
System Description ! “iie;::;r
« System types [ E—
; —_—
e DESIGN PHASE
* Dedicated OA systems =
© Airflow & Supply-
- EMS/BAS options - AirTemperature
SYSTEM - by Zone| |
SIMULATION
PHASE P | B
Equipment Description Ezustj;l?t Leacs
. Equipment types PLANT/ EQU IPMENT by Hour ; Equipment
* Pump heads SIMULATION =~ <*——Ll - Performance
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Four phases of Modeling

rd
I\\Entries Calculations Results Data )
Building Description -
* Location
- Zones LOAD PHASE
* Design data 4 N
! Peak & Hourly
i Loads by Zone
System Description ! ; W?ather
e P —— | DESIGN PHASE S
* Economizer A /
+ Dedicated OA systems SN _S— . '
* Airflow & Supply- -\g
- EMS/BAS options Air Temperature
SYSTEM | byZone j
—_—— SIMULATIO ——————
PHASE . |
. - L Equipment Loads
Equipment Description by -I':-L-;:l--.l.l
- Equipment types PLANT/ EQUIPMENT by Hour Equipment
* Pump heads i N ; l ) Porformanca
SIMULATION - . 3 : -

s Process loads ——

Economic Information
« Maortgage life

= Economic factors
* First cost

* Maintenance cost

ﬁ
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Modeling Functionality Load Design

T

e — e

e Define building envelope >
. Weather profile i

- Construction types
wall, roof, glass, etc

. Loads
people, lights, miscellaneous

. Airflows
cooling, heating, ventilation, infiltration, etc.
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Modeling Functionality Load Design

Select Features

Import weather files
reduced and 8760

Templates

110360 WVIEMM G,
Belarus {(BLR)
268500 MINSk

Belgium (BEL)

apply common data to multiple rooms 'ﬂ”—w“‘“"'““"

Schedules
apply common or custom schedules

ASHRAE Standard 62.1-2004
Ventilation Rate Procedure

Daylighting controls
define different control strategies

GBXML import capability
import CAD drawings into TRACE 700
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Phase 2: System Simulation

(Entries

Calculations Results Data J
Building Description
* Location
« 7ones LOAD PHASE

* Design data

System Description

« System types

* Economizer

* Dedicated OA systems

- EMS/BAS options

Equipment Description
= Equipment types

* Pump heads

+Process loads

Economic Information
* Mortgage life

= Economic factors

* First cost

* Maintenance cost

el & Hourly

) ' Loacls by Zone Weather
h Library
DESIGN PHASE ]

rilow & Suppl tg

i r Tem per E ;

SYSTEM by Zone |
SIMULATION e
PHASE . A )

{ Equipment Loads

{ by System .
PLANT/EQUIPMENT| | by Hour Equipment
SIMULATION k ,-’ Performance
PHHBE S R

i Energy b

ECONOMIC j Consumption. |8
ANALYSIS | e '

PHASE

i Ecomomic

i Comparisons '

. of Alternatives '
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Modeling Functionality System Simulation

 Translates heat gains/losses to equipment loads.. . " po-= &«
e More than 40 systems including: u:'"‘s-l Lol
- Variable-volume o
bypass, parallel, series, reheat, etc | | | o= -
. Constant-volume .- mwsw e Bl

single zone, fan coil, WSHP, chilled beam
variable-temperature, etc

. Heating only

Radiation, unit heaters, ventilation and heating

. Induction
Two-pipe and four-pipe £ B
. Under Floor ) I | *“”‘"n; “rf;z .

Cornputer Ploom e

. Dt Dic: Mt
Displacement Vent ki
total-enerygy
wehasel |
S ) —
r Scbl:_Jm_ L Dol _ Dedgled (4 -I['"'f""‘lu-n:r-_ '
[a]% #':l ] v— o SA B = —
L
ur
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Modeling Functionality System Simulation

e Select Features

Evaporative cooling
Variable refrigerant
Dedicated-outdoor air
Airside economizers
Optimum start/stop

Fan pressure optimization

ASHRAE Standard 62.1/CO,
based demand-controlled
ventilation (DCV)

Energy recovery

Supply-air temperature
Reset

Create Syeteme - Advanced

Gusimm desorplior Hoith 'Wing pee 151 Fir SHU ME 0k
- boud Heslng
Supply Fan mobor locateon | Supply X
Akemative 1
S ysem descriphion [MathWingpes 1stFRSHUME =~ ~| 2-pipe Inchaction
E-vapoistive Coolng Economizes
Tipe |More =l Type [D Bl -
Diect officiency | & “On'pomt  [55 3
Divect col schedue: | = Max outdocs air [100 %
Indvect efficiency | 2 Schedus [#vaitabte (1002 =l
It coil arbectte | =|
— Direct/Indrect Debumidification Methodz [System Simulation only]
Skage 1 Ao
Ty | = | —
e Masi lative: humidi | % :
axirnum room relative humidi %
Sup-sade dec v v
P b ain cooling coil minirmum allowable leaving I F
Schedle [wren throtting a chilled water coil downward -
during debumidification or "wild coil'* mode]

—arable Fan Speed for capacity control [Syztem Simulation anly]

MNumber of fan speeds I

Percent airflow at low zpeed I

Percent airflow at medium zpeed I

-N'-N'|4_

— Humidificaion

Drezign humidity ratio difference I

ki roomn relative humidity I

arainz

@iy
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Phase 3: Plant/Equipment Simulation

-
IMEntries Calculations Results Data )
Building Description

* Location

= Zones LOAD PHASE

* Design data "

== 1 H o EOLT
| de by i

Systemn Description I "."'Ja_aather
* System types . Library
- Economizer DESIGN PHASE

* Dedicated OA systems L

2' | & Suppl
- EMS/BAS options i Air Tem perature
SYSTEM { by Zone
SIMULATION =
; o i i t Loads
Equipment Description E‘;:;x e
:f,ﬂ:g"h“::;?‘““ PLANT/ EQUIPMENT | = by Hour : E;lt;ipment
- riormance

NS ey e SIMULATIOM

Economic Information
* Mortgage life

* Economic factors

* First cost

PHASE

ECONOMIC
AMALYSIS
FPHASE
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Modeling Functionality Plant/Equipment Simulation

e Converts system loads to energy consumption

e Multiple equipment types:
. Air/Water-cooled chillers
. Air/Water-cooled unitary
. Water/ground-source heat pumps
. Boilers
. Electric resistance heat
. Gas-fired heat exchanger

e Equipment Library

. Standard
. ASHRAE Standard 90.1-2004
« Custom

E quiprnent tupe

Hzlical Rotzay - FTHC [175-225] High Efj

Them.

Sequencing pe

[ peratin

Create Plants

Centrifugal Two Stage - Diezel Engine
Cantrifugal Twa Stage - Mabural Gasz
Centrifugal Twao Stage - Open Drve
Centrifugal Twao Ctage - Stesm T arbine
Default water-cooled chiller

Direct Evaporative Cooling

Direct Fired Absoption - Hick EFf
Urect bired Absophion - Horlzon
Drect Fired Abgorption - Stc. EFF.
Engine Driven Chiller - 55 ton

Enaine Driven Ciller - 80 ton

Helical Rotay - RTHE

llea
ko

Azzign Systems to Planls

Frimare chilled waler

Helical Raotay - RTHC [175-225] Prem Eff
Helical P otarny - ETHC [260.425] High Eff
Helical Botay - RTHC [250-425] Prem Eff

Chizt w2l chill water oump

Confidential and Proprietary
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Modeling Functionality Plant/Equipment Simulation

Select Features

Chiller Plant Wizard
Decoupled arrangement
Parallel/series
Variable-primary flow

Switchover control
Cogeneration

Thermal energy storage
Direct-fired absorption
Low-flow chilled water

Cooling Equipment Controls

Flant dezcription:
Thermal storage

Coaling plant - 007

Type

|Climatice

Capacity |1 o0o

|F'ercent rLltiplier j I:-

Schedule | Storage

Purnp

=k

e r———
Plant Configuration Wizard

Purnp full load e

Max chilled water rese
Load shedding econon
Ewvaporative precooling
Ernergy zource

Reject condenzer hea
Reject heat to plant
Equipment zchedule

Demand limiting priority

Select the desired chiller plant configuration:

1 Chiller at AR

1 Chiller Loww Flow

Chillzd *#fater Rezet
Cogeneration

Decoupled 2 Chillers
Decoupled 2 Chillers Opt T
Decoupled 2 Chillers WFD Twar
Decoupled 3 Chillers
Decoupled 3 Chillers Opt Twr
Decoupled 3 Chillers WFD T
Decoupled 4 Chillers
Decoupled 4 Chillers Opt T
Decoupled 4 Chillers WFD Twar
DedWFF 2 Chillers Opt Twr
DedWPF 2 Chillars WFD Twr

3

i

[

"1 Chiller at ARI" iz one centrifugal chiller, selected at 44/54, with 85
gpmfton, Standard cooling tower, Conztant wolume pumps. 125 ft. of
pump head, B0 ft. of condenzer pump head.

Energy Management

Demand limiting

b amimnunm a

ti
-
X

Confidential and Proprietary

Cancel
Temperature drift |0 F
Schedule | Bwailable [100%) 3
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Modeling Functionality Plant/Equipment Simulation

Select Features (continued)

Free cooling
- Plate & frame

- Refrigerant migration

- Strainer cycle

Double-bundle heat recovery
Cooling tower with VFD
Chiller-tower optimization

Domestic hot water

Central and distributed

geothermal

Cooling Equipment Controls =

Plant description:  Coaling plant - 001

Thermal storage

Type |§Climalice

j Cahicel

Capacity |1 o0o

|F'ercent rLltiplier j I:-

Schedule | Storage

Purnp

Purnp full load e

Max chilled water rese
Load shedding econon
Ewvaporative precooling
Ernergy zource

Reject condenzer hea
Reject heat to plant
Equipment zchedule

Demand limiting priority

e r———
Plant Configuration Wizard

=k

Select the desired chiller plant configuration:

1 Chiller at AR

1 Chiller Loww Flow
Chillzd *#fater Rezet
Cogeneration

Decoupled 2 Chillers
Decoupled 2 Chillers Opt T
Decoupled 2 Chillers WFD Twar
Decoupled 3 Chillers
Decoupled 3 Chillers Opt Twr

Decoupled 3 Chillers WFD T

Decoupled 4 Chillers

Decoupled 4 Chillers Opt T

Decoupled 4 Chillers WFD Twar

DedWFF 2 Chillers Opt Twr

Died VPF 2 Chillers VFD Tar ]

>

"1 Chiller at ARI" iz one centrifugal chiller, selected at 44/54, with 85
gpmfton, Standard cooling tower, Conztant wolume pumps. 125 ft. of
pump head, B0 ft. of condenzer pump head.

Energy Management
Demand limiting
M aimurn ki ldi Cancel
Temperature drift |0 F
Schedule | Bwailable [100%) 3

’ﬁ Cancel

Confidential and Proprietary
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Phase 4: Economic Analysis

(Entries
b

Calculations Results

Data )

Building Description
* Location

+ Fones

* Design data

Systemn Description

* System types

= Economizer

* Dedicated OA systems

« EMS/BAS options

Equipment Description
* Egquipment types

* Pump heads

+ Process loads

Econamic Information
* Mortgage life

* Economic factors

* First cost

* Maintenance cost

LOADD PHASE

| | Peak & Hourly

I Loads by Zone

DESIGN PHASE

SYSTEM i by Zone
SIMULATION
PHASE R, S

Dy 2yslem

PLANT/ EQUIPMENT]| | by Hour

SIMULATION ':
PHASE
. Energy
| Consumption
ECONOMIC by Source
AMALYSIS g ———
PHASE

¢ Economic
. Comparisons
of Alternatives

i Equiprment :_:_:;1_1."5

Weather
Library

Equipment
Performance

Confidential and Proprietary
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Modeling Functionality Economic Analysis

e Operation costs
e Custom utility rates
e Multiple alternatives

e Reports show:
. Cash flow effect
. Profit and loss effects
. Payback period
. Present worth of savings

. Incremental return on
the additional investment

e Not just HVAC

O |
n p Insurance Revenue Replace.  Deprec.
Penalty  Expenszes Tax

CashFlow  Presert

w1 T VA R ——1 Cost Eifod Ve
o ——1 101 'r - | ) )] )] 3] )] £3]
W —t—— i T — T a a 0 a 15,000 18,000
4 1 [ 1= a a 0 a B25150 592595
o |1 i 3 I : | o a o a G66933 593568
ol | I_[ . l]_ 0 ] 0 ] 708143 594,570
oy r e & o of 4 0 0 0 0 751934 595502
P ol A f ] a 0 a 7UEAT0 596,663
o *
. __ . _ il [i] 0 [i] 647923 597,752
7 G296 816 39993 763 2,906 o o a o a 200477 596,869
g 910669 41993 583 3,080 0 o 1} 0 1} 956,330 600,013
9 9657 928 44,093 404 3265 0 o a 0 a 1.015,689 601,185
10 1028811 46297 208 3,461 0 il ] 0 ] 1078,776 602,303
Alternative: 2
Life Cycle Cost. $5819057 66
Mear Liility Mairt Interest  Principal  Property  Insurance Revenue Replace.  Deprec. CashFlow  Presert
Cost Cost Cost Cost Taxes Cost Peratty  Expenses Tax Effed “alle
) (3 ) (5) 0] &) (5) L£0] ) (3 Lt)]
o a o o 180,000 o o a o a 180,000 180,000
1 537,830 25580 16,200 20,464 o o a o a G00085 966,127
2 571,851 26,858 14871 21713 o o a o a 635185 565321
3 B07 E11 26202 13,6638 23016 0 a a 0 a 6724858 564642
4 B45547 20812 12,287 24397 0 o a 0 a 712143 564,034
5 686,503 31,093 10,623 25,561 0 o a 0 a 754250 563542
B 729733 328468 9272 a3 o o a o a 799065 563309
7 775701 34280 7627 28057 0 a a 0 a 846 BB 563051
8 824 583 35994 5,883 30,501 0 a a 0 a 897,261 SR2A53
Alt # First First Additional First Total First Maintenan
Cost Cost Cost Cost Cost
P
($fton) ($*) ($fton)
1 105.55 037 0.00 45.,000.00 70.00
2 1,055.50 3.70 0.00 450,000.00 60.00
3 1.407.34 493 0.00 600,000.00 60.00

10/17/2012 Confidential and Proprietary
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Economic Benefit

Energy efficiency

Proven software

2
>

ASHRAE 140 Compliant
ASHRAE 90.1-2004

“
o°

Section 11.2

ui

TEC A

/fauap\.}‘fa

- Section G2.2 (LEED Analysis)
e Tax advantage

(Energy Policy Act of 2005)
e CEC - Title 24

10/17/2012
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Reports

e Design reports
e Analysis reports
e Detailed reports
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10 Simple Rules for Modeling

. Garbage in Garbage Out
. Garbage in Garbage Out
. Garbage in Garbage Out
. Understand your inputs

. If it's to good to be true; it's probably not true
1. Rules of thumb

. Demystify the black box — understand the output
. Not every field needs to be filled in

& o oNE
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Advanced Options

Syztemn description Systern - 0071
System wpe Single Zone
Schedules
Might purge ,
O ptirnuri skart ||:|ff [0%] j
O ptimumm ztop ||:|ff (03] j

Dty Cycling

"On" penod schedule ||:|ff (0%)

minutes
minutes

Dremand Limiting Priarities

M air cooling fan
M airn heating fan

Supply &ir Rezet [°F)

Fattern length

bk aximum "off* time

—
—

Room exhaust fan

Optional wentilation
[mak.eup-air unit] fan

Amiliary fan

Schedule b ax Reszet

[=].

Reset per worst

CASE 100 |':'IIf (0%)

W Use spztern default autside air reset
Supply air DB cooling law at autzide air DB
Supply air DB cocling high at outzide air DB

Dizplacement YWentilation / Underfloor Parameters

Supply air path / duct location |Feturn A

—
—
—

Space zenzible gains bo occupied laver
Underfloor plenum height
Conductive resistance of raized floor *

Supply Duct / Other Lozses

Upstream nominal leakage fraction

—
T
—

Downstreamn conztant leakage fraction

Auriliany cooling coil logzes to plenum

Ariliary coil # fan contral methods #
Control kethod

o

ft

br-fE*F ABitu

S

i

Type

Auiliary cooling coil |.-'-‘-.u:tivate after Primary System

j |N|:une

Bl

Builiary heating coil |.-'-‘-.u:tivate after Primary System

Auziliany fan |N|:| Fan

Syztem-Level Wentilation Overrides

|5um of room nominal wentilation -

El

Airflowsy |
Schedule | Availabls [100%)

j |N|:une
=~

Fized returm /
[ outside air
damperz

* Thig zhould reprezent the combined resistance of the carpet [if it exists) and the raized floor panel and should MOT include any air film resistance.
** Theze contralz are ignared unlezs the ausiliane clg or htg coll capacity overides are defined on the Create Systems - Heating Coil Overrides screen.

Bl

—gﬂm——

10/17/2012
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10 Simple Rules for Modeling

1. Garbage in Garbage Out
2. Garbage in Garbage Out
3. Garbage in Garbage Out
4. Understand your inputs
5. If it's to good to be true; it's probably not true
1. Rules of thumb
6. Demystify the black box — understand the output
7. Not every field needs to be filled in
8. Don’t be afraid to try something new
9. Call for help
10.KISS - Keep it super simple -

10/17/2012 Confidential and Proprietary
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What can energy analysis be used for

Comparisons between different airside system types
Comparisons between different waterside system types
Retrofit Project Qualification — which is the best way to go?
Fast way to justify potential savings

ASHRAE 90.1 - if not using prescriptive path

LEED Projects

Utility rebate programs

Bid Reviews

Confidential and Proprietary
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Code Compliance — ASHRAE, IECC

e ASHRAE 90.1
- Fan Pressure optimization
. Economizers
. Various energy recovery modeling capabilities
. Min. Equipment Efficiency in Libraries
. Building envelope requirements
e ASHRAE 62.1

- Outdoor Air Calculations
. CO, demand control Ventilation

e LEED
- LEED reports

Confidential and Proprietary



Exhaust-Air Energy Recovery

building
exhaust

total-energy
wheel

outdoor
air

Confidential and Proprietary



Exhaust-Air Energy Recovery

Benefits Drawbacks

e Reduces cooling, e Increases fan energy

dehumidification, e Requires exhaust air

heating, and even to be routed back to
humidification energy air handling unit

o Allows equipment
downsizing

Confidential and Proprietary



optimized control strategies
Optimal Start

occupied
heating -
setpoint

unoccupied
heating -
setpoint

mid 6 AM noon 6 PM mid

Confidential and Proprietary



optimized control strategies
Fan-Pressure Optimization

static
pressure
sensor

communicating BAS

% TRANE
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optimized control strategies
Supply-Air-Temperature Reset

Benefits Drawbacks

e Decreases e Increases fan energy

compressor energy e Raises humidity

e More hours when levels in zones
economizer provides all
necessary cooling
(compressors shut off)

e Decreases reheat
energy

Confidential and Proprietary



Condenser Water Control

Cooling Tower Optimization

chiller + tower energy, kW

400

300

200

100

zhssm
my'wm  total KW N
mx_=m chillerkW |
mm tower kW

| §~§

T~
o
72 74 76 78 80 82

Confidential and Proprietary
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Examples of how to use Modleing Software

e Chiller Replacement
. Different building Types

e Dry Bulb vs. Enthalpy Economizers
- Energy savings
. Space conditions

e Live examples...

Confidential and Proprietary



Example 1: Chiller Replacement

e 650 ton chiller
e High Efficiency vs. ASHRAE 90.1 compliant

e Equivalent Full Load hours 2,500

e Electrica

e Electrica

Consumption $0.055/ kW-h
Demand $8.00 kW

e 85% Ratchet Rate on demand

% TRANE



Example 1: Chiller Replacement

e 0.576 kW/ton-0.525 kW/ton = 0.051 kW /ton
e 0.051 kW/ton * 650 tons = 33.15 kW

e 2,500 EFLH * 33.15kW = 82,875 kW-h
e Electrical Consumption Charges
. 82,875 kW-h * 0.055 $/kW-h = $4,558
e Electrical Demand Charges
. Summer - 33.15 kW * 8 $/kW * 4 months = $1,061
. Winter > 33.15kW * .85 * 8 $/kW * 8 months = $1,803

e Total savings per year = $7,422

& o oNE

A — 4
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Hospital - Total savings per year = $7,335

Energy Cost Budget / PRM Summary

By TRANE
Project Mame: Date: October 15, 2012
City: Morth Central Wieather Data: Omaha, Mehbraska
Mote: The percentage dizplayed far the "Propozed! Baze %" * Al Ak-?
column of the baze caze iz actually the percentage of the
total energy consumption. Proposed Proposed
* Denotes the base alternative forthe ECB study. ERE;%};U A ;ﬂBase :gta:h EEE; E!I};UM ;IB“E E:::h
Space Heating Zlectricity on 0 0 0.0 100 0
Space Cooling Slectricity 2364 2 g4 1,187 25934 110 1,302
Heat Rejection Slectricity 4495 16 162 4552 101 164
Total Building Consumption 2,813.7 3,048.6
* AKA Al-2
Total Humber of hours heating load not met 0 0
Humber of hours cooling load not met 0 0
* Ak-1 AK-2
Energy Costiyr Energy Costiyr
10*6 Btu'yr biyr 106 Btu'ywr Biwr
Electricity 2337 85,201 304556 93,536
Total 2,514 86,201 3,049 93,536

e

confaential ana propr/ez‘ary
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K-12 School - Total savings per year = $3,940

Energy Cost Budget / PRM Summary

pe

By TRANE
Project Mame: Date: October 15, 2012
City: Morth Central Weather Data: Omaha, Mebraska
Maote: The percentage dizplayed for the "Proposeds Baze %" * Ak A Alt_?
column of the baze caze iz actually the percentage of the
total energy consumption. Proposed Proposed

. Energy {Base Peak Energy / Base Peak
* Denotes the base alternative for the ECHB study. 1046 Btuhr % kBtuh 1046 Btu/wr % kBtuh
Space Heating Slectricity oo 0 0 0.0 0 0
Space Cooling Slectricity 5631 d 1,176 B17.4 110 1,291
Heat Rejection Slectricity 2001 26 166 2027 101 168
Total Building Consumption 763.2 820.1
* Ak-1 Ak-2
Total Humber of hours heating load not met ] n
Number of hours cooling load not met 0 0
* Ak-1 Ak-2
Energy Costiyr Energy Cost/yr
10*6 Btuyr $iyr 10*6 Btuyr $iwr
Electricity TE3.2 47720 G201 21 BE0
Total 763 47,720 820 51,660
10/17/2012 Connaential ana propr/ez‘ary
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University - Total savings per year = $4,844

Energy Cost Budget / PRM Summary

By TRANE

Project Mame:

Date: October 15,2012

City: Morth Central

‘Weather Data: Omaha, Mebraska

Mote: The percentage dizplayed for the "PropozedsBasze %" * Ak A Alt-7
column of the base case iz actually the percentage of the
total energy consumption. Proposed Proposed
. Energy ' Base Peak Energy /Base Peak
* Denotes the base atternative forthe ECB study. 1046 Btupr % kBtuh 1046 Btuiyr % kBtuh
Space Heating Zlectricity 0.0 ] 0 0.0 100 ]
Space Cooling Slectricity 1,0422 7d 1,158 11420 110 1,271
Heat Rejection Slectricity 3r 4 26 1683 a7e2 101 165
Total Building Consumption 1,413.6 1,518.2
4 AK-1 Ak-2
Tota Humber of hours heating load not met 0 0
Number of hours cooling load not met 0 0
* AK-1 Ak-2
Energy Costiyr Energy Costiyr
106 Btu'w $iyr 10*6 Btu'w $iwr
Electricity 14136 &0,005 15182 64 552
Tota 1,414 60,008 1,518 64,852

e
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Example 2: Free Cooling & Economizers

e Base Air-cooled chiller with AHU's

e Dry Cooler — Glycol solution

e Dry Bulb Economizer on point 55F

e Enthalpy Economizer comparative on point

Confidential and Proprietary
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Example 2: Free Cooling & Economizers

All hours - Alternative 1

-— Maxamum--- e —— Humber ofHours at each Percentage Range ----—-- —_
Systern/Room Descripion ““Rh Mo Hr Day >70% T7T0-66 6662 6258 5854 5450 5046 46-42 4238 3834 3430 <30%
System - 001
W -F1 M 7 ¥ 13 Mon 464 285 437 437 al3 G593 a45 1 B34 439 109 B31 2610
W -R2 E 71 7 9 D=gn 15 569 256 1,00 434 G27 328 1,054 494 237 279 3466
W -RS = 71 7 9 D=gn 15 B9 256 1,00 434 G27 328 1054 434 237 279 3466
W R W E1 ¥ 23 Mon 0 0 0 E33 Ta6 744 G ] Ta2 oz 242 430 3593
W -RS It E1 ¥ 23 Mon 0 0 0 425 Q27 756 530 o837 G49 Sod 3 361
All hours - Alternative 3
-— Maxamum--—- e —— Humber of Hours at each Percentage Range ---——--- —_
SystermRoom Description %HFEh No Hr Day >T0% TO-66 6662 6258 5854 5450 5046 46-42 42-38 3834 3430 <30%
System -001
W -F1 M 100 12 13 Mon 284 1,176 7o 25 BOG 1,347 BEE 1,283 a0 T30 Faa 553
W-R2E 100 12 15 Mon 372 933 443 280 1,095 a1 S¥6 1,135 450 572 461 1 652
W -R3 S 100 12 15 Mon a2 933 443 280 1,093 7 o¥E 1,133 4350 T 461 1,652
W R Y 51 ¥ 17 D=gn 0 0 0 355 1154 1,001 T34 13 ae3 602 363 2E7S
W -FS Int =11 ¥ 17 Dsgn 0 0 0 184 1,053 939 GEY 974 G21 o1 232 28977
All hours - Alternative 4
-— Maximumm--——- = emeeeee —— Humiber of Hours at each Percentage Range ------- —_
Sy=stem/Room Description “%“Rh Mo Hr Day >70% 7T0-66 6662 6258 5354 5450 5046 J46-42 42-38 3834 3430 <30%
System -001
W R M 100 12 13 Mon 536 Eay 440 165 239 1,109 742 1,082 G16 401 107 1 312
Wi -R2 E 100 12 15 Waon 296 54 429 452 9492 817 482 1,011 a7 332 422 2392
W-RE3 = 100 12 15 Man 2596 254 429 452 2392 817 452 1,011 =T 332 422 2592
W -Ra W E1 7 17 D=gn 0 0 0 3595 1,095 933 GE1 951 7ay 224 364 3112
Wi -R5 Int B0 T 17 D=gn 0 0 0 184 1,046 &an 575 a4 Fog 437 533 3405
2 rRANE
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Example 2: Free Cooling & Economizers

Energy Cost Budget / PRM Summary

By TRANE

Project Mame:

‘ Date: October 15,2012

10

I EE oy =

City: Weather Data: Lincoln, Mebraska
Mote: The percentage displayed for the "Proposed/Base %" * Alt-1 Base nofree cooling AK-2 Dry cooler Ak -3 Dry Buld 55F on point Ak-4 Enthalpy Comparative
column of the base case is actually the percentage ofthe
tatal energy consumption. Proposed Proposed Proposed Proposed
Derscsthobase e e EcBsa. | Sl (2900 Folk |Eoer | Bume ety | ifeee bewk o \Coeray | Base pesk
Lighting- Conditioned Slectricity 7549 52 a6 7549 100 a6 7549 100 1] 7549 100 a6
Space Heating Slectricity 11.0 1 E 11.0 100 5 1.5 16 2 1.8 16 2
Fas 3519 24 933 3519 100 953 16.8 5 164 16.5 5 164
Space Cooling Slectricity 2356 16 3350 2275 93 343 219.3 92 26 1909 g0 ME
Pumps Slectricity 0o 0 0 0.0 0 a0 0.0 a0 a0 0.0 0 a0
Heat Rejection Slectricity 265 2 33 26.2 93 35 23.3 55 19 201 75 13
Fans - Conditioned Slectricity 271 2 4 274 100 4 261 96 4 261 95 4
Receptacles- Conditioned Slectricity 376 3 11 376 100 11 376 100 11 376 100 11
Total Building Consumption 1,447.6 1,436.3 1,079.7 1,048.1
* Alt1 Base nofree cooling Ak-2 Dry cooler ARk-3 Dry Buld 55 on point ARk-1 Enthalpy Comparative
Total Humber of hours heating load not met 1,286 1,286 140 140
Humber of hours cooling load not met 354 354 78 28
* Ak-1 Base nofree cooling Ak-2 Dry cooler Ak-3 Dry Buld 55F on point Al-1 Enthalpy Compar ative
Eneray Costiw Energy Costiyr Energy Costiyr Enerogy Cost/yw
106 Btu'yr $iwr 106 Btu/yr $iyr 106 Btu'yr $ivr 1046 Btu/yr $iwr
Electricity 10956 31,306 10543 31,07 1,08629 27 010 1,031.3 26,399
Gas 3318 2816 3519 2816 16.8 134 16.5 134
Total 1,448 34,202 1,436 33,887 1,080 27,144 1,048 26,534
R —————




Example 3: Bid Review Water Pressure Drop

Base Chiller
Efficiency kWWton 0.565
Evaporator:
(5 Tyl 4500
EWWT F ok
LWYT F 44
F.D. Ft.A 5. 241
Tube Thickness 0.025
Fouling Factor 0. 000
Condenser:
(5P Tyl B0
EWWT F 94.7
LWYT F 05
F.D. Ft.A 5 33
Tube Thickness 0.025
Fouling Factor 0. 00025

Confidential and Proprietary
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Example 3: Bid Review Water Pressure Drop

Base Chiller Alt: 1 Alt: 2 Alt: 3
|E1‘|‘i-u:in3|h:1..r kiWWfton 0.565 0.565 0.561 0.557
Evaporator:
5P 4500 4500 4500 4500
EWT F ] ah Sk ]
LW T F 44 44 44 44
F.D. Ft.ma G 241 5.16 816 816
Tube Thickness 0025 0.028 0.028 0.025
Fouling Factor 0.0001 0.0001 0.0001 0.0001
Condenser:
5P M Bya0 G750 G750 G750
EWT F 947 947 94 7 94 7
LW T F a5 a5 (] (]
F.D. Ft.ma G 33 1046 10. 46 =5.91
Tube Thickness 0.023 0.028 0.028 0.023
Fouling Factor 0.00025 0.00025 0.0002%5 0.0002%5

& o oNE

A — 4
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Example 3: Comparison vs. Base bid

Energy Cost Budget / PRM Summary

By Trane
Project Name: | Date: January 30, 2008
City: Morth East Weather Data: Washington, D.C.
Note: The percentage displayed for the "Proposed! Base %" Base Ch | I Ier Al‘t " 1 Alt " 2 Alt " 3
column of the base case is aciually the percentage of the | | | —
total energy consumption. Proposed Proposed Proposed Proposed
i Energy ! Base Peak Energy ! Base Peak Energy | Base Peak Energy | Base Peak
* e
Denotes the base altemative for the ECB study. 10%6 Btulyr % kBtuh | 106 Btulyr o kBtuh | 10°6 Btulyr % kBtuh | 10%6 Btulyr % kBtuh
Space Heating Electricity 25 0 2 2.5 100 2 25 100 2 25 100 2
Gas 0.0 0 1] 0.0 100 0 0.0 100 0 04 100 0
Space Cooling Electricity 22 1672 T4 29,392 221672 100 29,392 21,569.7 97 28,799 21,2671 96 28,464
Pumps Electricity 187186 [ 1,845 639.2 34 690 4252 23 540 4395 23 511
Heat Rejection Electricity 59634 20 4,095 59634 100 4,085 59429 100 4,084 5,9325 99 4078
Total Building Consumjption 30,004.7 28,7723 27,940.4 27,641.6
Total Humber of hours heating load not met 331 331 $ 1 28 . 624 331 33
Number of hours cooling load not met 0 o | o =
$109,548
Energy Costiyr Energy Costlyr Energy [ostiyr Energy Costiyr
10~6 Btuiyr Syl 1046 Btu/vr $iyr 106 Btu/yr Siyr 106 Btuyr $iyr
Electricity 30,0047 1,857,905 $67 . 80 7 789,795 27,940.4 1,748,057 27,641.8 1,728,982
Gas 0.0 1 0.0 1 0.0 1 0.0 1
Total 30,005 1,857,606 28,772 1,789,799 27,940 1,748,058 27,642 1,728,982

10/17/2012
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Economic Benefit

e LEED® - A closer look...
Energy & Atmosphere Credit 1

Optimize Energy Performance

. 8 Criteria for an acceptable
modeling tool

. Updated Energy Cost Budget &
Performance Rating Method reports

. Automated building rotation for
Performance Rating Method

. Automatic fan resizing for Energy
Cost Budget & Performance Rating
Method

- ASHRAE 90.1-2004 Library
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Real Paybacks Require Real Analysis

o m

& Chiller Plant

Analyzer

Building Energy
Analysis Tool r&wﬂ, EnergyPlus




